B and CP Violation
at the Tevatron

Andreas Schmidt on behalf of the DO and CDF collaborations
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Overview

Introduction:

- B Meson System

- CP Violation
Measurements:
o T
- Semileptonic CP Asymmetry ' m
- B¢ -> D¢ D™  '  llh
-Bs->J/p @ '

+ Introduction

+ Angular Analysis

+ Signal Selection

+ Flavour Tagging

+ Likelihood Fit

+ Results and Combinations

Summary and Outlook
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B System

] 2" | End2007 world average (prel) ]
Flavour Eigenstates: = f E
= i + datatlc & 95% CL limit 172 ps* ]
0 — _0 ol [ - Lesso o sensitivity  313pst 1
— — Q L5 - I3 datat G 7
| BS > T | bS > | BS > T | bS > E [ gaﬁltgﬁc{smtonly]

Mass Eigenstates:

Time evolution given by Schroedinger equation:

580 ) - (807

Eigenstates of the Hamiltonian: e bttt ]
BI(t) > = p|B)(t) > —q|B)(t)> “heavy” m, )
Bs(t) > = p|B(t) > +q|BJ(t)>  “light”

mass difference: Ams = my — my ~ 2| M|
width difference: Al =T — 'y &~ 2|[12|cos(¢s)
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CP Violation

CP eigenstates:

Byt > = (|B) > — |BY >)

Botd > = (B0 > + | B0 >)
width difference: A[¢Y = [even _ [odd
AT, = ATSY - cos ¢,
In case of CP conservation:
BL o= B >
| B >= B >

Sl

Expectations:

- Standard Model predicts very small value: ®; =0.004
- New Physics can considerably expand this
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CP Violation in semileptonic Bs decays F¥=

udn candidates |

Outline: 00 D@ Run Il Preliminary
% - _ -1
-B° - D ptvX, D w91, 0> K K~ é‘z""“? NI L_d;;:::s
- using initial state flavour tagging 10000/~ T
- measure time-dependent CP asymmetry 8000}
- closely related to B mixing measurement -
| sacof
T(B(t) — f) = "\'T}"Af‘zw {cosh (%) + COS(A}\H)} 2000;

"-XP(_T‘?‘] 175 18 185 1.9 195 2 205 21 215 2.2

J.‘(Eﬂ(t) - f) = ,-'\'if‘flf‘z(]_ — ”)T {C.Gsh (T) — cos(ﬁ_ﬂ]f)} M(KK~), GeV/c?

DY Runll Preliminary L=2.81fb"

T(B°(t) — F) = N;A7P(1 _{;)# cosh (% COb(AE\H)}
I(B°(t) =) = N;[A; \2M {Cobh (%)—mb(mn)} 5
Result: ‘g
>

a®; = —0.0024 & 0.0117(stat) ) 00sa(syst)

02  -0.1 0 0.1 0.2 03 0.4 0.5
VPDL, cm
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Bs -> D" D™, AP

Outline: DO Run II (2.8 fb™)
210000
- D¢ D¢ final state is CP even E 2000k
- measure branching ratio 2Br[fopy]~ 2522 & T
- no flavour tagging required 2 60001
- assuming Standard Model: measure Al'/r E -
- with non-zero phase: constrain relation g 40007
AL/I' = Al'cp/L - cos ¢ g 2000
& L
DO Analysis on 2.8/fb: B, -> D' D5 Y07 Us IS 2021 22 23
m(¢m) (GeV/cY)
- observed the decay at 3.2 o CDF 11 355 pb"
- first evidence for a width difference in Bg N-:g"é_ag —D (or )Dg (on")
ATS? /T, = 0.072 £ 0.021(statl) = 0.022(syst) 2 2 3 Total Fit
o 0 _ et
A= - B, — D_(¢m)D (K'K'n?)
CDF Analysis on 355/pb: Bs -> Ds Ds 235_
o -
D=
- observed the decay at 7.5 0 ;ﬂéé - MN N “ “
- limit: AT¢? /T, >0.012 at 95% C.L. o UL L Lt ' -

el
—

52 4 5.5 5.6 2.7 5.8

Mass [GeV/c']
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B -> J/w ¢ Introduction

Decay:
By = JWp o, Jpp — pTpm, ¢ — KTK™
- decay on quark level similar to Dg D¢ final state

- colour suppressed, but easier to trigger
- final state can be reached with and without mixing

; t,c,u b y S . . S
C S
W+t W i
S ::‘:"/"‘ C
B = = - ~ N S _ -— _
t.c,u b C

- interference of both: CP violating phase 3¢

- New Physics can contribute to that phase

- final state is a mixture of even and odd CP eigenstates

- disentangle CP states by angular distributions of the decay products
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Bs -> J/w @ Angular Analysis *

*

Topology:

(spin=0) (spin=1) (spin=1)

Bs

— N (=pTuT) ¢ (= KTKT)

- conservation of angular momentum

- three different final states for L=0,1,2

- angular distributions used to distinguish CP even and odd contributions
- commonly used transversity basis leads to three decay Amplitudes

L CP
0 A, CP odd
S-wave | even
1 [ p-wave| odd Ao CP even
2 | d-wave| even A CP even
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B -> J/w ¢ Sighal Selection

@

-~

CDF Run Il Preliminary L=281fb"
400 —

350

events/2MeV

300

250

200

150

100

My
4

1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
5.28 5.3 532 534 536 538 54 542 544 546

m (J/y ¢)[GeV]

- about 3200 events

- di-muon trigger

- neural network selection
- no particle ID information

~ 500[
2 [ D@,28fb * Data
o - 0 it — Total Fit
v 400 B;~>Jdivo 5 | — Prompt Bkg
@ | ' non-Prompt Bkg
o I'_lll!!_ I i
@ i EIL L T
@O [ 0 )
E 300: + ++# #+ + || ' th I'I"!I '--_:-"ll #
= ;_ Ak " |
8 200:
o
:|||||||||||||||||||||||||||||||||||||||
%51 52 53 54 55 56 57 58

- about 2000 events

- di-muon trigger

Mass (GeV)

- cut based candidate selection
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B -> J/w ¢ Flavour Tagging

lepton Jet
\ B h dron (f-_ g b 5 '(i:-_ _H.L’_’//H K
adron____. rag )---------@-—-—-{ frag =
---- T primary vertex ~0 - ~-h_/

B flavour tagging:

- determine initial state B meson flavour
- used to resolve time dependence in

I’ B_U—> > -1 Bg—> > ~ . .
Acp(t) = FEBE’—>§ZB+FEBS—>§ZB ~ +sin(206s)sin(Amgt)

- sources of tagging information:
* same side tagging: fragmentation of B meson

* opposite side tagging: decay products of the other B hadron

- difficult in hadronic environment
- tagging power O(few %)
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B -> J/w ¢ Likelihood Fit

& DS

- using mass, tagging information, proper decay time and angular distributions
- extract Al and Bg

Unbinned maximum likelihood fit:

CDF Run Il Preliminary 2.81fb" £10°E
£ — B DO , 2.8 fb' " Data
S 103 L —— Fi > r — Total Fit
T3] 107 E —— Signal
£ F Ry S10°E BooJivo Total Signal
I Baciground 8 °F |} Mass 5.26-5.46 GeV ... cp_ayen
102 T CP-odd
B '-a B 3
[ g 10
10 = Q E
E 15
1 = ; E
E | . 10_10 | 5
0.2 0.1 0 0.1 0.2 0.3 ' Y
et (Jiv ¢) fem] ct (cm)
7(BY) = (1.53 4 0.04(stat) & 0.01(syst))ps 7(BY) = (1.52 4 0.05(stat) & 0.01(syst))ps
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-> |/w @ Result

™

Non gaussian errors require evaluation of confidence regions:

CDF. Rg:ﬂ | Preliminary L =2.8fb" 17""’;‘0-4: (a) DJ, 2.8 b’
- prediction 5 -
— 0.6 — 95%C.L. | 8:0 g m g’ iy
! [ — 68%C.L. | 0= s
- (O F
'E o2 AM, = 17.77 ps™
ot 0.1
2 -0
0 6:_ New Physics : . E AF AFSM » |cos(¢ )|
- C . L ISP ETETE B
K 0 " '1d) 0245 "4 05 0 05¢ e 1)5
ra raaian
S w
.~ 2’3;7/10@5:__;}/11)(;5
constraint on strong phase
1.8 o from SM (p = 7%) 1.7 o from SM (p = 8.5 %)
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B -> J/w @ Combined Result * B« '

Status: B . HFAG
. 06 CIDF 1.3|5 fbl +DTI 2.8 ﬂal | _
- both results are compatible with Tm N\ |
the Standard Model at 1.7to 1.8 ¢ 2 04} \ ]
- both results show same tendency -~ 99.7% CL — /E/ \\ !
f:] 0.2} M -
Combination: 3 [ T
I | . R et S o
f
- HFAG combined current 2.8/fb DO J —
with previous 1.35/fb CDF result 0.2} pvalue = 0.031 \ !
- combined confidence region is 2.2 ¢ 526 from SM \ /
away from SM expectation 04t \ / '
N6 . . e e e \ .......
Plans: 1.5 -1.0 -0.5 0 0.5 1.0 1.5

- collect as much data as the Tevatron allows

- DO: improve candidate selection

- CDF: use particle ID information, improved flavour tagging

- new combination by simultaneous minimization of CDF and DO likelihood functions

_\ﬂ(IT Andreas Schmidt XXIll Rencontres de Physique de la Vallée d'Aoste Page 13



Summary and Outlook

Status:

- DO measured CP asymmetry in semileptonic decays
- CDF and DO have seen Bg -> Dg Dg

- Bs -> J/p ¢ analyses:
- CDF has 1.8 o deviation from SM CDF Simulated Data, AssumeB_= 0.4

- DO has 1.7 o deviation from SM [ oo
- deviations are to the same directions - 1.0 3o 281" degraded
- HFAG combination has 2.2 ¢ significance = - 3 0. 2.8 b degraded
8 ogf —
0 tad
Outlook: o I
D_ =
: s 0.6
- more data will help all measurements = [
- other analysis improvements in preparation -c%’ 0.4k
- more powerful combination -
for Bs -> /g ¢ planned 0ol /

| . : |
Integrated Luminosity (fo™)
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Backup
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The CKM Matrix

Cabibbo-Kobayashi-Maskawa matrix connects mass and weak eigenstates:

Vud Vus Vub
Vcd Vcs Vcb
th Vrs th

- probability conservation requires unitarity
- unitarity relations can be visualized as unitarity triangles:

ViV + VeaVii, + ViaVii, = 0 Vs Vi + Ve Vi + ViV = 0
b PR e

rustub 0 _

e 5,00

(0,0) _ (1,0)
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Tevatron and Fermilab

Tevatron:

- still the world's most powerful accelerator
- proton-antiproton collisions at 1.96 GeV/c?
- still the only place to study B mesons

- located at Fermilab near Chicago
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CDF and DO

e,
f";_r E I 7 I - < “ - EL - 743 FT.
ey PR —
e . |
= -e_|=| Hﬁl L1 Cehtral Drft Chamber
1 | — A
§ EE EM Cakrimestsr o
| E Eh Showertdax jin
: [ Hadron Calorimetsr
] Muon Detector Ti
Shes | (Magn. yokes) -
I5L 5i Layers

TT=p— 3V¥-l Sidetector -

S ————

Soknoidal Magnet =

fm I I 4m g Eﬁj{éjf‘é&/ff\\
CDF: DO:
- good vertex resolution, large tracker - large tracking and muon coverage
- pion/kaon separation by dE/dx and TOF - magnetic field can be reversed
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Bs -> D" D™, AP

DO Run II (2.8 b))
(a)

h &N =~
i~
III|IIII|IIII|IIII|IIII

s
=
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=

-
q_lllllllll
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=
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DO Run II (2.8 fb™)
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]

2 ok
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ok
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NS TTT

d
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1
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- [ ¢ Y dashed: 68% C.L.
- dotted : 90% C.L.
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B -> J/w ¢ Likelihood Function

d*P(t, p . .
WP o ARA(DT(0) + 1A PAAT (0
dtdp
26(5) c(p o) i .
+ALPB(T () + 1AallA AP cos(O))Te(0) gy
+ AP AL (P)U(t) + |Aol|ALlfe (P) V(1) » Angular functions
» Polarization
To(t) = e "flcosh(Alt/2) F cos(203:)sinh(/Alt/2) amplitudes
T nsin(Amst) sin(2/3s)] » Time evolution
- ﬂ - » Strong phases
U(t) = e '"cos(d; — ) )sin(20s)sinh(Alt/2) 0. = arg(ALA})
+ncos(Amst) sin(d, —))) o = arg(A|Ap)
—nsin(Amst) cos(d, — d)|) cos(25;) | >
V(t) = e_rt[cos((SJ_)5in(2;‘5’5)5inh( t/2) » CPV Phase

+ ncos(Amst) sin(d | )
—nsin(Amst) cos(d ) cos(20s)]
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B: -> J/w @ Angular Distributions

250 250
="t po,28fb o Dma =T  DO,28ib' - Data e WYY ———
2 B 0 - B 0 — i =
oo PV - GP-even Sogo BeYWO o g‘itgn J | B[ Beodwo — Total Fit
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- * Jf . +
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N T L S A
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Transversity Cos(y)
800 EJDF Run Il Preliminary L=28fb" 800 _CDF Run Il Preliminary L=28fb" 800 _CDF Run Il Preliminary L=281fb"
» + _|_ E F
700( T + T 700(
E 500 600}
- + + + — alldata +
o 4+ 500¢ A1l data 500¢ signal region data
r zi”gg:ﬁegim data . signal region data r — sideband region data
400 - —— sldshand reglon cata 400 3 - ;;d;f)?ggi;igsm” data 400 - —— fit projections
3005 . 3005 300F
200 200 200
= =+ - —+ - -
100:— e e Bling P08 100:;,:~a-ﬂ——_.=,_—-qu‘——i——mr—_;:;-——v=1=—i;.——_;. 100_— : o= =
B 1 | 1 | | B P I T T T B S SR L B PR | L L
% 2 4 6 99 <05 00 05 1.0 99 05 00 05 1.0
& (radians) cos(¥) cos(0)
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B° -> J/w K* S-wave Contributions

CDF Run Il Preliminary L=13fb" CDF Run Il Preliminary L=13fb"
800/
'|; —— data L —— data
— 600 -
S o 600
| - | -
o) o)
Q Q
73] 73]
D 400 [
= =400
e e
G G
cC cC
© ©
O 200 O 200
0 | | | | | | | | | | | | | | | | | | | 0 | | | | | | | | | | | | | | | | | | |
-0.5 0.0 0.5 -0.5 0.0 0.5
cos(y) cos(y)
fit without s-wave fit with s-wave
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